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(54) Steanfi reforming purified hydrocartion gas streams 

(57) A reformed gas stream is produced from a gaseous hydrocari>on feedstock stream containing both 
carbon dioxide and sulphur compounds, by subjecting the feedstock stream to a membrane separation 
process thereby producing a permeate stream containing at least part of the cart)on dioxide and sulphur 
compounds, combusting the permeate stream and recovering energy from the combustion products, 
subjecting the impermeate stream to desutphurisation by passage over a bed of a particulate absorbent for 
hydrogen sulphide, thereby producing a desulphurised impermeate stream, adding steam to said impermeate 
stream, and subjecting the mixture of steam and said desulphurised impermeate stream to steam reforming 
over a steam reforming catalyst. The permeate stream may be used as fuel for the reforming, which latter may 
be a two-^age process. 
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This invention rdates to refonning and in particular to the steam reforming of 
gaseous hydrocaibonfeedstodcs such as natural gas. This proc^ Is often enq>Ioyed in die 
production of faydrogen-containmg gas streams^ for example relatively pure hydrogen for 
S use m eg faydrqgoiation reactions, synthe^ gas for the pro^ 
such as methanol and U^ier alcohols, or syntheds gas for the production of ammonia. 

Li a steam reforming process a fted^odc and steam are pa^ed over a steam 
refonning catalyst, gQi^aOy disposed mextenially heated tubes. The catalysts employed in 
sudi a process generaOy comprise nickd on a antable refiractory support such as alumina or 
10 calcium ahmimate conent. Such nic^ catalysts are pdsoned by sulphur conq)ounds and, 
ance sulphur compounds are often present in gaseous hydrocarbon foedstodcs sudi as 
natural gas. It conventional practice to ranove the sulphur conq>o^^ 

The m^od employed for rraioving Ae sulphur conqx3unds win dq)end on the 
nature and proportions of the su^hurconq)ounds. For feedstocks containing rdatively 
15 small proportions of sulphur compounds, eg bdow about 100 ppm, prefeabty below 
30 ppm, by vohnne of sulphur expressed as equivalent hydrogen ai^Ude, absorption of the 
hydn)gensu^)hide by a particulate absorbent aicfa as zinc oxide is ^t^^ Priorto 
absorption, the feedstock is often subjected to hydrodesulphurisation, wh^ein the 
feedstock^ phis a smaD proportion of faydrogffl, is passed over a faydrodeailphurisation 
20 catalyst, typically nickd or cobalt molybdate, to convert organic su^hur compounds sudi 
as moc^ytans to faydrogra sulphide. 

For larger quantities of su^hur conqxnmds, absorption uaiig a r^aerable 
hqmd absorbent, or an iron qKmge, may be employed. Howeversudi process mvolve 
significant addhiorial cqntd and/or operatmg costs, and also present e^^ 
25 problems. 

The pn>ductoftherefonmttg reaction contains hydrogen, carbon oxides, 
steam, and m^iane. For many ^fications; the reformmg operation is effected m two 
stages, primary reforming where as desoibed above ftie catalyst is disposed in extmialty 
heated tubes and secondary r efor ming \K^ierdn air or oxygen is added to the primary 

30 reformed gas and the mixture subjected to partial combustion before passing adiabatically 
over a secondary reforming catalyst Li such a two stage process enq>loyirig air, the 
product win also contam nitrogea 

Subsequent pn>cessn^ of the refonned gas win dq)end oil Ae intended use. 
OSben, espGwiOy for the mam ift dure of ammonia syndics gas or hydrofflo, the reformed 

35 gas is ailgec^ to one or niore ^a^ of tiie shift reaction widi steam to con^ 
monoxide to carbon dioxide and faydrogea It is thm often necessary to remove residual 
steam and the carbon dioxide. Steam may readily be renK)ved by cooling the gas to bdow 
tiie dew point of steam to condense the steam as a liquid water phase whidi can be 
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sqmiBted. The carbon dioxide is oftmimovedijyabsoiptbni^ 
fiquid or by a piesaire swii% adscnpdon process. 

The gaseous hydrocaibon feedstock often contains appredable quantities of 
carbon dioxide. While carbon dioxide can at least partially rephce steam in Ae reformi ng 
S reaction, in proc^s^ ivfaerein the carbon dioxide is rmoved fiom the r^irmed gas, eg 
aft^ one or more sfatfi sta^ it is seen that asty carbon xfioxide in die feedstock acts 
esssxtialfy as a dfluait» decrea^g the amount of hydrocarbon tiiat ^ be processed m a 
^venplarzt, and providmg an ad^tioiial load on tte carbon dioxide rmo Ihsucfa 
cases it \vould be demable to remove soine an of the carbon dioxide from the feed 

1 0 prior to refemung, but Ae economic advantages of so domg have to be balanced agamst tiie 
additional cost of ^t3is carbon dioxide removal stage. 

The hydrocarbon feedstodc rna^ also contain other unwanted coiiq)Oiifflts s^ 
as hdium ornrtrogQL We have realised that at least some oftiie carbon dioxide m the 
feedstock, together with heSum Qf presentX some cas^ also nttrogen Qf present), 

1 5 can be sq)arated togeth^ with at least some of tiie su^faur conq>oimds by a siiiq)le 
tedmique which rendars aibsequent desu^hurisation with a particulate absorbent more 
econonnc. In tiie present irivendon a ritemhrane system is enq)Ioyed to efifec^ tins 
separation. 

The use of memteane systems to separate carbon dioxide fiom hydrocarbon 

20 feedstocks is well known, for aanq)le ^ thepap^by Bilstad et al entitled "CO/SC 
mranbrane s^aradon: a mature technology", presmted at the AIChE Syiiq>osum for 
Membrane Separation for Gas Proc^ng at New Orleans on Mardi29-Ai^ By 
fbe use of aicfa a membrane system, a permeate stream contatmi^ carbon dioxide, hydrogen 
sulphide, and hdium (if present) and pos^fy, dq>en£ng on the nature of the membrane, 

25 also organic sulphiir compounds and/or nitrogen, can be separated from the non^penneate 
bydnxarbon stream. Inevitabty fee pmneate will contain, m additinn tn hyHrpge" {qilphrdfi, 
some othor combustible materials: thus if a faydrodesu^hurisation step precedes the 
rtiembraiie separation, the penixeale win also coiitain some hydrogen. Inthepresent 
inv^ition the penneate steam is used as &eL 

30 According^ tiie present irivention provides a process for Reproduction of a 

reformed gas stream fiom a gaseous hydrocarbon feedstodc stream containing bofli carbon 
dioxide and sulphur conq>ounds, compriang subjecting said feedstodc stream to a 
membrane sq>aration process titereby producing a pormeate stream c o n ta i ni ng at least part 
of the carbon dioxide and su^faur conq>ounds, crnnhns^g th^ pemreate stream and 

35 recoverixig aieigy fiom the comlnistion products; subjecting the inqpmneate stream to 
desulphurisation by pa^ge over a bed of a particulate absorbent for hydrogen ai^hide, 
thsid>y produchig a deailphurised impmneate stream, addbsg steam to said impermeate 
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stream, subjecting tilte mixture of steam and ^id desu^faurised impCTneate stream to 
steam reConning ovcf a steam refisnniii^ catafy^ 

Prefaably the process gas is subjected to al^drodesu^faurisation stqi \^erem 
a faydrogen-containing gas is added and mixture passed over a l^drodesulphurisation 
S catalyst to convert organic svipbw confounds to hydrogoi sulphide, before the impomeate 
is passed ov^tiie hydrogen ai^hideabsorbrat Suchal^drodesulpfaurisation^maybe 
effected before or after the monhrane separation stq>. Since hydrogm will usiaDy 
permeate die mend>rane en^loyed, if the hydrodesulpfaurisation stage is efiected after the 
membraxie sqmration stagei, it is necessary to add the l^drpgenH^ontain^ 

10 hnpermeate after the monbranesqyaration stage. Prefoablythehydrodesulphurisationstq) 
is eSected prior to die membrane separation ^age: this has die advantage diat organic 
sulphur conqiounds will be conv^ted to l^drogen su^hide before die membrane sq>aradon 
step and so win be separated as the penneate stream. Not only do^diis reduce the load on 
the particulate absorbent, but also residual hydrogen will form part of the pmneate and so 

IS add to the fiid value of the permeate. Also this means diat membranes diat do not pass the 
organic sulphur conqiounds can advantageously be employed: ^^e membranes that do not 
pass the organic sulphur compounds could be enq>loyed even where the 
i^drodesulphuxisation is effected after membrane sqmradon, die fiiel value resulting from 
these compounds is lost and also a greater burdm is placed upon die subsequent particulate 

20 absorbent 

Mfflibranes that may be employed are generally pofymeric materials sudi as 
polysu^hones, cdhilose achate, pofyimides, potycarbonates, polyamides, polyetherimides 
and sulphonated polysu^hones. The tenq>erature at \^dticfa die membrane separation step is 
operated win normally be lunited by the nature of the membrane: preferably the tenq)a'ature 

25 is below about 90*'C. The pressure of the feed to the membrane separation step will 
normalfybe d^ennined by the pressure employed in die ^sequent reformmg step, ^di 
wiU usually be in the range 10 to 45 bar ab& 

It win be iq;ypredated that ance carbon dioxide wiU be pro^ 
subsequent reformmg stage; the hxq>enneate is subjected to desu^hurisation prior to 

30 refoniiing, arid die penneate is used as fiiel, h is riot necessary diat die membram 

particularly sdective. Thus die membrane sqparation stage is employed simply to remove 
some of die carbon dioxide arid su^hur compounds m die foedstodc and it does n^ 
ifsomeofthe hydrocarbon also pomeates die niembrane. Consequent die mendirane 
sq)aration stage may be kept an^le and only a angle mendirane stage need be enq)loyed, 

3 S althou^ more conqilex systems, eg employing two or more membrane sq>aration stages 
m^ be used if desired. 

In the present invention the penneate stream is combusted and energy 
recovered therefiom. For exanq>le; and prefirabty, die penneate stream is used as fiidm 
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the r^srming stage, partioilady ^ere at le^ 
the mixtuie of desu^hiirised &edstod£ and steam 

tubes heated by combustion of a fiid. Additional fuel, eg a part stream taken fiom the 
original feedstodc before menibiane sq>aration, may be used to si^plement die pmneate 
5 stream. Altmiattvdy, oradditionalty, afiidfromanoth^soim^m^beusedto 
supplement tiiepenneate stream if required. In a typical anmumia plant, purge gas takm 
from the ammonia syntheds loop may be used as such supplrairatalfiid. Altenmtivdytiie 
praneate vasy be combusted and heat recovered from the combustion products by heat 
exchange with reactants, eg the desulphurised feedstodc, steam, and/or air or o)^gen ^ 
1 0 used), fed to the refonmng step, or by heat exchange with a stream employed m the finthor 
proce^ng of the reformed gas. InanoAeralteniative^thepenneaten^beconibuded, eg 
in a gas tuibme;, and energy recovered from the combustion products by eq)an^on in a 
turbme drivmg a punq> or conqiressor compressor the reformed gas, or a gas^ eg syntheas 
gas, produced dierefrom and/or one or more of the reactants used in die running step or 
IS in the subsequent processmgoffte reformed gas. Since the permeate contains a ^gnificant 
proportion of carbon dioxide, it may be desirable to e£fect the combustion dim^ 
catatyticaDy, but ft win be qypredated that in diis case it \^ 
combustion catafyst tiiat is not poisoned by su^hur conqN>unds. 

In ixm^ plants; purge streams ^ to be used as fod are imxed, optional^ a^^ 
20 with additional &el, to form a foel "pool" vMcti is tben employed to foel tiie reformer, fired 
heaters, gas turbines driving pumps and compressors etc. In the present invration, the 
pemieate stream may form part of Ais fiid "pool". 

The particulate ab^rbrat m^ be zny of diose convaitionalty arq)loyed for 
desu^faurisation, and will normal^ comprise one or more m^als, or compounds thereof 
25 selected from zinc, copp^, nickel, iron, manganese, tin, lead, and ah^g-. OtiM-m^alsor 
compounds thereof may also be presrat The particulate absorbent preferable conqnises 
zinc compounds, sudi as zinc oxide; 2anc carbonate; zinc faydroxycarbonate; and mixtures 
tiiereo^ alone or in coiQunction wrtii other m^als or compounds tfaem)^ such as copper, 
copper oxide, coppo* carbonate, basic copper carbomte, alumina and/or caldum ffbTPnn?!te 
3 0 For effident operation, ft is preferred that the membrane syston removes sudi 

an amoimt of sulphw" conq)ounds into the permeate stream t ha t the imp e im eate stream has 
a su^hurcontot, expressed as equivalent hydrogen sulphide, of bdow about 10 ppmby 
vohnne. Tlie temperature enqdoyed for desutphurisationwiUdepaido 
fflq)Ioyed and Realty wiQ be in tiie range 0 to 400X. 
35 In some cases fi3re£Sd^reforining ft is desirable to sub|ea the desu^faurised 

feedstodc to a pren^fonmng stq) \idi»esn the d^ulphurised feedstock and steam are 
prdieated and flim passed adiabaticaBy throug|i abed of areformfaig cataiyst active at low 
refonning tQxq>eratures aitd thm the resultant pre-r^irmed product is ^ 
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mfhrmmg m sm cgrtrniaBy heated tube refonncT. For sudi a prenefonning step a catafyst 
having a relatively higji nickel contmt^ typical^ above 50% by wdgtrt, is desrable and Aese 
areparticulaitysuscqjtibl topoisonii^bysu^faurra In such a process it 

therefore be dearable to subject the desulphurised gas from a zinc based absorbent to a 
5 fiirtiier polishmg desul^fauiisation stage uang a bed of a particulate absorbent matoial 
containing both copper and ancconq>ounds. A suitable copper/zinc absorbent mat^ial is 
described m EP-A-243052. 

The invention is of particular utility T^ei:e the hydrocarbon 
gas containix^ at least about 5%, preferably at least about 10%,byvohnneofcarbon 
1 0 dioxide and the membrane system removes such an amount of carbon dioxide that the 
irr^>e^neate has a carbon dioxide content bdow about 4% by volume* 

The refonnmg conditions; eg steam to hydrocarbon carbon ratio, pressure; 
catafyst outlet tenq^erature; qmce vdodty eta, iii^ be those coxivaxtio^ 
A secondary reformin g stq) iriay follow primary reforming if required (as is usually the case 
IS for the production of anmionia syntfaeas gas). 

Hie invention is iltustrated by the following calculated exan:q>le of the use of 
the process to siq>ply reformed gas suitable for the produc^on of 1554 metric tons of 
ammonia per d^. 

2700 kmol/h of natural gas of the following ^xproxtmate conq)osition (% by 

20 volume): 

methane 77 
ediane 6 
propane 1 
carbon dioxide 16 

25 and containing about 80 ppm by vobme of hydrogen su^Ude was fed to a membrane 
sq[>aration imit at a prepare of 3 0 bar abs. and a tenq>erature of 45**C to g^ 1 065 kmol/h 
ofa permeate at 6 bar abs. ofq)praxnnatecoiiqx>ation(%by voluine): 
methane 61 
ethane 3.5 
30 propane 0.1 

carbon dioxide 35 J 
and containing about 172 ppm by vohmie of hydrogen su^Mde and 1635 kmol/h of an 
impenneateat29.5barabs. oftheq>proxhnatecoixq>ostion(%by vohnne): 
m^hane 87.5 
35 ethane 7.5 

propane L6 
carbon dioxide 3.4 
and containing about 20 ppm by volume of I^drogen su^hide. 
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The hydrogm sulphide was separated from the impcnneate using a zinc oxide 
absorbent mateial, steam was added at a rate of 5628 ko^^ 
sulgected to primazy steam iefi)iiiiiiig m ext 

catalyst conqniang mckd on a caldum aluminate support at an exh tCT^eratuie of 
S The primary r^nned gas was Ham subjected to secondary refoimmg with the adcfition of 
air at a rate of2464kmol/h to give an oudrt temperature of 916°C The secondary 
reformed gas was then cooled and subjected to high t^nperature shift and then low 
traq)aature shift to 9ve a dufted gas at a rate of 12678 kmol/h (wtt gas) contammg about 
14% by volume caibon dionde;, 45% by volume hydrogen and 15% by vohnne of nitrogen. 
10 Partof Aeperaieate(8501miol/h)wasasedasthe£udtoheatthepri^^ 

refonner \^e the remainder of the prmeate was added to the ainmoxua plaiit fi^ 
combustion ft>r other heatii^ purposes. 
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Chnns 

1. A process for the production ofarefimned gas str^^ 

feedstodc stream containing botii carbon dioxide and su^faur compounds^ conqnising 
sutgecttng said feedstodc stream to a meoihrane separation process A 
a permeate stream containing at least part of the caibon dioxide and su^iihur 
conq)Ounds, combiistingtiie permeate stream and recovering energy from die 
combustion products, subjecting the inq>CTneate stream to desulphurisation by 
passage over a bed of a particulate absorboit for hydrogen sdpUde, ti^ 
pnKfauang a desulphurised inq)aineate stream, addii^ steam to said 
stream, and subjectmg the mixture of steam and said desu^hurised unpens 
stream to steam reforming ov^ a steam reforming catalyst 

2. A process according to daim 1 \^diereln, before the membrane sq>aration stq>, the 
foedstodc stream is subjected to a I^drodesulphuiisation step whemn a 
hydrogen-containing gas is added and the mixture passed over a l^rdro- 
desul{diurisation catalyst to convert organic su^hur conqpounds to hydrogen 
sulphide. 

3. A process according to daim 1 wherein a faydrogen-contaiinng stream is added to the 
impermeate stream and the mixture passed ova* al^drodesu^huiisation catalyst to 
convert organic sulphur compounds to l^drogen sulphide before the inq)mneate 
stream is passed over the hydrogen su^Mde absorbent 

4. Aprocess accordingtoaiiyoneofdaims 1 to 3 vtdiadnthe monbrane sroaiation 
step is effected at a tenq)erature bdow 90^C. 

5. A process according to any one of daims 1 to 4 \dierdn ^ permeate stream is used 
as foel m the reforming step. 

6. A proc^ according to any one of daims 1 to 5 ^tAierein the particulate absorbent 
conqnises at least one zinc conq>ound sdected from zhic oxide, zinc carbonate, and 
zmc hydroxycarbonate, atone or in coigunction with at least one material sdected 
from copper, copper oxide; coppo* carbonatei, basic copper carbonate, ahmitna, and 
^l(tr^Tm atuminate* 



7. 



A process according to ai^ one of daims 1 to 6 Mriiarein the desulphurised 
inyenneate stream is subjected to a pre -rtformii ig stqp i?rfierein the deai lp hu r ised 
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kapmneate stream and steam are preheated and thai passed adiabatically tinougji a 
bed ofarefi3rmingcatdy5t active at low lefo^ 

resultant pre-^eformed product is subjected to reformii^ in an extonally heated tiibe 
reformer. 

A process according to daim 7 \;(dieiCT a cata^*having a 
for the pre-r^rming step, tiie particulate absorbent conqirises at least one anc 
conqjound, and &e desulphurised gas from that particulate absorbent is subjected to 
afiirdier step of desulpfaurisationu^g abed of a particulate absorbent matmal 
containing both copper and zinc compounds. 

A process accordhig to any one of danns 1 to 8 ^;tdierdn tiie hy^ 
natural gas containmg at least about 5% by vohune of carbon dioxide and the 
membrane system remove such an amount of carbon dioxide that the impennrate has 
a carbon (fioxide content below about 4% by volume. 

A process for the production of ammonia syntiie^ gas conspri^ng produdiig a 
reformed gas stream by a process according to ai^ one of daims 1 to9wherdnthe 
reforming operation is effected by primary reforming using a catalyst disposed in 
•externally heated tubes and secondary r^rming wherein air is added to the primary 
r^rmed gas and tiie mixture subjected to partial combustion before pasdng 
adiabaticalfy ov^ a secondary reforming catalyst, and tiiai the reformed gas is 
subjected to one or more stages of tite shift reaction witii steam to convert cartoon 
monoxide to carbon dioxide and hydrogra, and th^eafier ^rbon dioxide is removed. 
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